Mass Spectrometry), was used to determine the concentration of a broad range of elements in the salmon louse Lepeophtheirus salmonis. Lice samples were collected from Atlantic salmon in seven localities (4 fish farms and 3 wild salmon fisheries) on two separatesampling occasions and prepared for analysis. Sixty six elements were measured, 35 ofthese were found to be variable and were subjected to univariate and multivariate statistical analysis. The results ofthe single element comparisons showed that not all individual sites could be discriminated from each other. Sea lice collected from cultured salmonids could be discriminated from those on wild salmonids at the same site using the elements magnesium (<0.05%), vanadium (<0.01 %) and uranium (<0.05%). Using discriminant analysis based on 28 elements, the separation of all sampled sea lice localities from each other was clear (100% correct classification) giving each an individual signature. Further analysis examined the effects of sequentially removing elements from the discriminationmodel in order to determine the minimum number of elements required t o obtain satisfactory discrimination of populations. It was found that 16 elements could still provide 100% correct classification, whilst 12 elements still provided 97.30% correct classification.
tion. The principal concern has been the question of whether and to what extent lice originating from wild salmonids interact with lice from farmed salmonid hosts. The identification of potential lice population markers is currently being undertaken using a wide variety of approaches including morphometries, enzyme profiling, gene sequencing and the search for molecular markers. Not all of these approaches have proven useful, largely because it is not known to what extent the measured variable is under environmental influence. Water temperature for instance, has been found to influence morphological size and form making morphometric data inadequate for differentiating populations of sea lice (unpublished data). Recent studies scoring the allelic frequencies of allozymes of sea lice collected over a wide geographic range have shown some discrimination of sea lice from divisions within large waterbodies and between different watersheds/basins (Isdal, Nylund & Nasvdal, 1997; present authorsunpublished data) . Further, the findings of Todd, Walker, Wolff et al., (1997) suggest that it is possible to discriminate sea lice parasitising farmed salmonids from those on wild salmonids and one farm site from another using Little is known about the origins of sea lice in the natural environment and speculation regarding the impact of lice from farms on wild salmonid populations of economic importance has fuelled controversy in Scotland and Ireland. This study has been undertaken to investigate whether ICPMS might allow for the discrimination of lice originating from different areas through whole-body elemental analysis of the adult female stage.
Materials and methods

Collection of samples
Samples of adult female Lepeophtheirus salmonis were collected from Atlantic salmon, Salmo salar L. cither at harvest from cultured salmon or from wild salmon captured by rod and line or nets. To protect the identity of the commercial sites from which sea lice were collected, the sites are labelled A-G (F = farm; W = wild) ( Fig. I) . Where possible, sea lice sites were sampled on two occasions. Sea lice were transported alive in local fresh sea water to the laboratory and maintained for 24 hours at 10°C to allow for the assimilation and evacuation of gut contents. Lice were then rinsed several times in nanopure distilled water and dried onto filter paper.
Sample preparation and analysis
Dried sea lice samples were weighed into metalfree polypropylene tubes and lOOpl of ultrapure nitric acid (Seastar) was added. The tubes were loosely capped, and then placed in a water bath at 95°C for 30 minutes. The resulting digest was made up to a final volume of 5ml with 18Mohm deionised water. The digest solutions were diluted five-fold for running on the ICPMS machine. Indium was added to the. tubes at a concentration of I Oppb as randomly amplified polymorphic DNA (RAPD's) profiles.
The marine environment is not homogeneous, the water of each sea loch possesses its own chemical signature according to its geochemical and geophysical origins. The determination of such elemental signatures is possible by use of conventional nebulisation Inductively Coupled Plasma Mass Spectrometry (1CPMS), a well established and powerful mass spectrometric technique for determining the concentrations of elements in solutions (Hutton, Eaton & Gosland, 1990; Schmit, Youla & Gelinas, 1991 ). ICPMS has been successfully used in stock identification offish (Campana, Fowler & Jones, 1994) since the elemental composition of hard tissue (e.g. otoliths and scales) is directly influenced by the fish's environment and diet. Since otoliths and fish scales grow as the fish grows, the spatial distribution of elements in the tissue additionally provides an environmental / dietary history of the individual fish. Due to the large number of potentially mineralised elements available for analysis by ICPMS (60-70), the potential for statistical discrimination is large.
Map of Lepeophtheirus salmonis collection sites in
Scotland. (F = farm; W = wild). Table 1 . All 66 elements were analysed at once, and detection limits were based on 3 x standard deviation of 10 reagent blanks.
Blank subtraction involved subtracting the internal standard normalised counts for each element in a reagent blank from those of the samples and standards. Interferences were corrected on-line by the instrument software.
Statistical analysis
Elemental litres (measured using jagg -1 (ppm)) showing variability between samples, were analysed using univariate (Dunn's and Kruskal-Wallis nonparametric tests) and forward Stepwise Discriminant analyses. The latter was carried out using Statistica 6.0 StatSoft, Inc. 1997. Table 2 shows the summary statistics for the thirty five elements found to be most variable between sites and selected for analysis from a total of 66 elements tested for by ICPMS. Table 3 presents Hie results from the pairwise comparisons using Dunn's test. These univariate statistics were able to discriminate the majority of sites where sea lice w ere collected on farmed fish from those sites where l|ce were collected from wild salmon, but not all.
Results
Univariate statistics
fior example, only three out of four farm sites were se parated by this method. A significant find was that sea lice collected from farmed and wild salmon'ds at the same site (FA and WG), could be dissimulated using the elements magnesium, vanadium and uranium. Table 4 presents the model generated by the discriminant analysis which includes 28 of the thirty five elements given in Table 2 . A chi-square test applied to successively removed roots illustrates that the first four roots can be confidently used for the discrimination of sea lice specimens ( Table 4 ).
Discriminant analysis
The first root accounts for 98% of the total variation between specimens and the first two roots for 99.57%. The principal ten elements in decreasing order of their contribution to specimen separation (as determined by partial lambda) were titanium, magnesium, arsenic, manganese, cobalt, mercury, phosphorus, rubidium, caesium and barium. The classification functions for each element and site of collection are given in Table 5 . Using these, a louse of unknown origin could be classified by multiplyingthe actual concentration of each element (determined by ICPMS) with its respective classification function value given in Table 5, The largest value obtained through application of the formula for each site to the elemental data, determines the most likely origin of the specimen.
The separation of sea lice localities for the first four roots of the discriminant analysis based on the determined concentration of 28 elements from each sea louse is shown in Fig. 2 . Each site is clearly discriminated and importantly the specimens of sea lice from farmed and wild salmonids within a single locality, FA and WG, are markedly separated from each other.
The discriminant analysis was repeated with elements sequentially removed, to ascertain whether a similar level of discrimination could be achieved based on analysis of a more restricted number of elements. Fig. 3 illustrates the increase in percentage misclassification with the sequential removal 
Lepeophtheirus salmonis
Map of the thirty seven specimens of Fig. 2 .
in the first three planes of the discriminant analysis based on information from 28 elements. Each specimen is identified by a symbol representing the locality in which the host was sampled. In order for the true potential of this technique to be evaluated in the future, however, a number of variable parameters need to be investigated such as the seasonality / stability of elemental composition and its relationship to the host's / parasite's environment.
In decapod crustaceans the trace metal content has been suggested to be divisible into three partitions:-that passively adsorbed onto the cuticle, that present in ingested food contained in the gut but not assimilated into the body and that which is absorbed and accessible to physiological processes (principal component) (Rainbow, 1988) . In order to interpret data obtained from the elemental analysis of sea lice it is therefore important to determine the contribution of each of these partitions to the overall elemental content and the stability of elemental composition within each partition. The contribution of metal contained within the gut can, however, be ignored in this study as the lice used were starved prior to analysis. (Sc, Ti, Fe, Ni, Cu, Zn, Si and P) or decrease (Co and Mn). Research on Palaemon elegans by Nugegoda (1986 , cited in Rainbow, 1988 ) supports the suggestion that such environmental variability could affect elemental composition since it was shown that decreasing salinity Dunns test: *0.05% 3.038, **0.01% = 3.494, ***0.005% = 3.675, ing the origin and stability of the elemental compositions recorded in this preliminary study means that to attempt to draw detailed conclusions from the tables presented and to account for the observed differences in elemental concentrations between populations of lice would be inappropriate. Nevertheless we believe that this study has successfully demonstrated a promising technique for the future discrimination of samples of sea lice and indeed of other parasitic and free-living aquatic arthropods from different sources and we hope that the necessary further research will validate this conclusion.
